Background: Symptom clusters have not previously been explored among individuals with atrial fibrillation of any type. Objective: The purpose of this study is to determine the number of symptom clusters present among adults with chronic atrial fibrillation and to explore sociodemographic and clinical factors potentially associated with cluster membership. Methods: This was a cross-sectional secondary data analysis of 335 Australian community-dwelling adults with chronic (recurrent paroxysmal, persistent, or permanent) atrial fibrillation. We used self-reported symptoms and agglomerative hierarchical cluster analysis to determine the number and content of symptom clusters present. Results: There were slightly more male (52%) than female participants, with a mean (SD) age of 72 (11.25) years. Three symptom clusters were evident, including a vagal cluster (nausea and diaphoresis), a tired cluster (fatigue/lethargy, weakness, syncope/dizziness, and dyspnea/breathlessness), and a heart cluster (chest pain/discomfort and palpitations/fluttering). We compared patient characteristics among those with all the symptoms in the cluster, those with some of the symptoms in the cluster, and those with none of the symptoms in the cluster. The only statistically significant differences were in age, gender, and the use of antiarrhythmic medications for the heart cluster. Women were more likely to have the heart symptom cluster than men were. Individuals with all of the symptoms in the heart cluster were younger (69.6 vs 73.7 years; P = .029) than those with none of the symptoms in the heart cluster and were more likely to be on antiarrhythmic medications. Conclusion: Three unique atrial fibrillation symptom clusters were identified in this study population.
3 primary strategies to achieve these goals: prevention of thromboembolism, heart rate control, and restoration of sinus rhythm. 8 Preventing thromboembolism and rate-control are goals regardless of symptom status. Symptoms of AF, which negatively impact functional status and quality of life, 9, 10 are a primary consideration when determining whether to attempt restoration of sinus rhythm for longer-term management of recurrent paroxysmal or persistent AF. 8 Unfortunately, little is understood regarding AF symptom variability and the mechanisms of AF symptoms, 11 which may hamper our ability to make effective treatment decisions.
While the frequency of individual AF symptoms has been described, 7 it is likely that AF symptoms cooccur as symptom clusters; groups of 2 or more related and co-occurring symptoms. 12, 13 Symptom clusters occur as the result of a shared etiology, a shared covariance, or a shared effect on outcomes.
12Y15 Symptom clusters could help explain the variability of AF symptoms experienced and may be associated with treatment outcomes. Furthermore, AF-specific symptom clusters may be associated with underlying physiologic processes related to clinical variables, the subtype of AF, or the etiology of AF. Understanding the physiology underlying symptom clusters may assist clinicians to better individualize treatment. If associations between symptom clusters and outcomes exist, providers could use symptom cluster assessment as a method of risk stratification. Thus, the purpose of this study was to determine the number of symptom clusters present among adults with chronic AF and to explore sociodemographic and clinical factors potentially associated with cluster membership.
Methods
This study was a cross-sectional secondary data analysis of data from a randomized controlled pragmatic clinical trial conducted in Australia between 2010 and 2014: the Standard Versus Atrial Fibrillation Specific Management Strategy (SAFETY) Trial. 16 Applicable ethics board approvals were obtained as required for the original trial 16 and through the University of Pennsylvania Institutional Review Board for this secondary data analysis. The methods and results of the trial have been reported previously. 16, 17 Methods are summarized briefly here.
A total of 335 individuals were included in the SAFETY Trial. Participants were eligible if they had a diagnosis of chronic AF, lived independently within the community after their index hospital admission (within a radius of 40 km), and provided informed consent. Chronic AF was defined as recurrent paroxysmal, persistent, or permanent AF. Exclusion criteria included a primary diagnosis of valvular heart disease, a scheduled catheter ablation procedure, a preexisting diagnosis of heart failure (all patients were subject to echocardiography to exclude this diagnosis), transient AF (ie, AF associated with acute myocardial infarction, pericarditis, recent cardiac surgery, sepsis, or excessive alcohol), or a terminal disorder or malignant disease that required palliative care. 17 All participants in the original cohort were included in this cross-sectional secondary data analysis.
Measurement of Variables
Atrial Fibrillation Symptoms Symptoms were measured using an AF profiling instrument developed specifically for the SAFETY Trial. For this cluster analysis, we used self-reported symptoms collected during the index hospitalization (see Appendix, Supplemental Digital Content 1, http://links. lww.com/JCN/A20). Each symptom was reported on a binary (yes/no) scale. Participants were instructed to report all symptoms previously or currently experienced in association with AF. Six common symptoms of AF were measured: dyspnea/breathlessness, syncope/ dizziness, fatigue/lethargy, palpitations/fluttering, chest pain/discomfort, and weakness. Participants could report other symptoms via free-text response. Nausea and diaphoresis were commonly reported using the other option and were therefore included in this analysis. Participants also reported if they did not experience symptoms when in AF, which was recorded as a binary yes/no response.
Clinical and Demographic Variables
All participants were comprehensively profiled upon enrollment in the study. All clinical and demographic variables used for this analysis were obtained during the baseline assessment. Variables were collected by trained study personnel via medical record review and patient self-report.
Statistical Analysis
All data analysis was conducted in SAS version 9.4 (Cary, North Carolina). Descriptive statistics were used to describe the data. Symptom clusters were identified with agglomerative hierarchical cluster analysis because of our goal to create mutually exclusive groups of symptoms. 14, 18, 19 Cluster analysis maximizes both the homogeneity within clusters and the heterogeneity between clusters. 18, 19 We used Ward's method with Euclidean distance as the dissimilarity measure. 18, 20 The ideal number of clusters was determined using a combination of dendrograms, pseudo-F, and pseudo-T. 18, 21 In addition, we compared the results of the cluster analysis with exploratory factor analysis to validate our findings.
After identifying symptom clusters, we compared characteristics of individuals with each cluster to those without the cluster to understand the potential factors associated with cluster membership. To do this, we divided participants into 3 groups for each symptom cluster: those with all the symptoms in the cluster, those with some of the symptoms in the cluster (1 or more, but not all, of the symptoms), and those with none of the symptoms in the cluster. Next, we used Fisher exact test, # 2 test, and Kruskal-Wallis 1-way analysis of variance to determine the statistical significance of 13 factors to determine if these factors were associated with symptom cluster membership. We used a broad range of demographic and clinical characteristics, specifically age, gender, ethnicity, body mass index (BMI), Charlson Comorbidity Index, 22 cardiovascular comorbidities, and cardiac medications. We considered these factors as potentially associated with cluster membership based on the results of previous research (eg, the influence of age and gender), owing to similarity of symptom profiles with selected comorbidities, 8, 11 and because of our assumption that certain medications may contribute to certain symptoms (eg, "-blockers and fatigue). Statistical significance was determined using the predetermined value of P < .05.
Results

Sample Characteristics
The mean (SD) age of participants was 72 (11.25) years, with a range of 40 to 93 years (Table 1) . Participants were predominantly European/white (96%), and there were slightly more male (52%) than female participants. Most considered themselves symptomatic (83%), with only 17% (n = 57) reporting themselves as asymptomatic. Dyspnea/breathlessness was the most common symptom, affecting 56% of participants despite the absence of underlying heart failure. 
Symptom Clusters
The dendrogram, pseudo-F and pseudo-T indicated that a 3-cluster solution was the optimal solution ( Figure) . We labeled the symptom clusters the vagal cluster (nausea and diaphoresis), the tired cluster (fatigue/lethargy, weakness, syncope/dizziness, and dyspnea/breathlessness), and the heart cluster (chest pain/discomfort and palpitations/fluttering). Both vagal cluster symptoms occurred in only 3 participants. The heart cluster was the most common, with all symptoms occurring in 26% (n = 88) of participants. All tired cluster symptoms were present in 14% (n = 47) of participants ( Table 2 ). More than half with the tired cluster (n = 24) also experienced the heart cluster ( Table 3) .
Characteristics of Symptom Cluster Groups
There were no statistically significant differences in patient characteristics for the vagal or tired cluster. In the heart cluster, statistically significant differences were found in age, gender, AF subtype, and use of antiarrhythmic medications (Table 4 ). The mean age progressively declined for individuals with none (73.7 years, n = 118) versus some (71 years, n = 129) versus all (69.6 years, n = 88) of the heart cluster symptoms. Participants with all the heart cluster symptoms were 4 years younger on average than individuals with none of the heart cluster symptoms (69.6 vs 73.7 years; P = .029). Women were significantly more likely to have the heart cluster than men were (P = 0.0015), with 20% of men (n = 35) and 33% of women (n = 53) having both of the heart cluster symptoms. Heart cluster membership varied by AF subtype (P = .042). Among participants with permanent AF, 55% had none, 30% had some, and 15% had all of the heart cluster symptoms. In contrast, 27% of participants with persistent and 33% with paroxysmal AF had all of the heart cluster symptoms. In comparison, 18% of individuals with permanent AF had all the tired cluster symptoms, compared with 14% with persistent and 11% with paroxysmal AF, although not statistically significant. Participants with the heart cluster were more likely than individuals without the heart cluster to take antiarrhythmic medication as part of rhythmcontrol therapy (P = .002). Among participants with both heart cluster symptoms, 40% were on antiarrhythmics, compared with 34% for participants with one of the heart symptoms and 19% for participants with none of the heart symptoms. Comparatively, only 26% of participants with all the tired cluster symptoms were on antiarrhythmics. Interestingly, we did not find a statistically significant relationship between the tired cluster and use of rate-control medications, even though rate-control medications have side effect profiles similar to tired cluster symptoms.
Discussion
This is the first study to establish the presence of AF symptom clusters in individuals with chronic forms of AF. We identified 3 distinct clusters: a vagal cluster (nausea and diaphoresis), a tired cluster (fatigue, weakness, syncope/dizziness, and dyspnea), and a heart cluster (palpitations and chest pain). These clusters are unique compared with symptom clusters identified among
Dendrogram of atrial fibrillation symptom clusters. All symptoms were self-reported at baseline. other cardiovascular patient populations (Table 5 ).
23Y25
The AF cluster that shares the most similarities with other cardiovascular clusters is the tired cluster, which shares some symptoms with heart failure physical symptom clusters. However, it is important to note that patients with heart failure were specifically excluded from this study cohort. Furthermore, the AF tired cluster is unique because dizziness/syncope is included in our cluster. Patients with AF may have diseasespecific mechanisms for dizziness/syncope, such as tachycardia, bradycardia, or postconversion pause, which cause this symptom to cluster with fatigue, weakness, and dyspnea. Alternately, these symptoms are potentially pharmacologically based given the fine line between benefit and risk of adverse events in those being treated for AF. 17 The vagal cluster was quite rare (n = 3) in our sample. However, the fact that symptoms associated with vasovagal response cluster together is interesting because of the well-recognized occurrence of vagally mediated AF. 8, 26 It is interesting to note that syncope and dizziness were measured as a single item in this study and clustered with the tired symptoms, rather than the vagal cluster. Future studies of AF symptom clusters should measure dizziness and syncope as distinct symptoms to determine whether one or the other may cluster differently if measured independently.
The tired cluster might be considered vague or nonspecific 11 and therefore not easily attributable to AF. However, dyspnea was the most frequently reported AF symptom in our sample (56%), followed closely by fatigue (50%), which occurred at the same frequency as palpitations (50%). These findings are in contrast to the large study by Levy et al, 7 which found that palpitations were the most common symptom of AF (54%), followed by dyspnea (44%) and fatigue (14%). The Levy et al 7 study examined outpatients, whereas our symptom data are from index hospital admissions, which may explain the difference in reported symptoms. Atrial fibrillation results in loss of atrioventricular synchrony and often in tachycardia and/or bradycardia, which can adversely affect hemodynamic status through impaired diastolic filling and impaired left ventricular systolic function. 11 Hemodynamic changes associated with AF are a plausible mechanism for the clustering of fatigue, weakness, dyspnea, and syncope/dizziness.
The heart cluster consists of the symptoms that may be the most readily attributed to AF, palpitations, and chest pain. Certain individuals may be more prone to perceive sensations in the chest owing to differences in afferent neural stimulation or central nervous system functioning.
11,27 A study of heart transplant patients showed that despite cardiac denervation, one-third of participants could still perceive their heartbeat, suggesting Data are mean T SD or n (%) of patients. Statistically significant differences (P < .05) are shown in bold. Abbreviation: AF, atrial fibrillation.
that the perception of palpitations is unrelated to cardiac mechanoreceptors. 28 Similarly, chest pain often occurs during AF despite the absence of acute coronary syndrome. 29 Numerous studies reveal that neuropsychiatric variables influence the perception of AF symptoms, 30Y32 and palpitations in particular. 33, 34 Taken together, these findings support the idea that a mechanism outside the myocardium is responsible for the heart cluster symptoms. Further research is needed to elucidate the precise mechanisms of these symptoms. Interestingly, the heart cluster was the only cluster with significant differences in patient characteristics between those with versus without the cluster.
Our results indicate that membership in the heart symptom cluster is associated with younger age, female gender, AF subtype, and antiarrhythmic use. Genderbased differences in the SAFETY cohort have been described previously: women in the cohort were older, more likely to experience symptomatic AF (especially fatigue, palpitations, and weakness), and presented with a unique clinical profile characterized by higher BMI, less coronary artery disease/revascularization, and more depression. 35 Our study furthers these findings by revealing that symptom cluster membership also varies by gender. Previous reports indicate that younger age and female gender are associated with an increased frequency and severity of AF symptoms. 31, 36 However, Sears et al 32 found that age and gender were not significantly associated with the number of AF symptoms reported. Our results indicate that age and gender are indeed nonmodifiable characteristics that influence certain aspects of symptom perception, specifically symptom clustering. Although age and gender may not influence the number of symptoms reported, these characteristics do influence other aspects of symptom perception, such as the type of symptoms experienced and their perceived frequency and severity.
Gender differences in the SAFETY Trial may have contributed to the greater number of women who experienced the heart cluster. Depression was more common in women (P = .017) 35 and may be an important factor effecting symptom perception. Higher levels of negative emotions are associated with a greater number of AF symptoms, influencing the number of symptoms experienced more than objectively measured episodes of AF. 32 Similarly, increased severity of depression and anxiety are associated with increased AF symptom severity (P < .001). 31 Palpitations were significantly more common among the women in our study and are known to be influenced by neuropsychiatric variables. 34 It is plausible that differences in neuropsychiatric variables influenced the number of men versus women who experienced the heart cluster. Body mass index also varied by gender in our study. Elevated BMI is a well-documented risk factor for AF development. 37, 38 It is possible that BMI may also influence heart cluster membership via altered cardiac interoception 39 or as the result of perceived differences in symptom burden and severity. 40 Heart cluster membership varied based on subtype of AF. The results are difficult to interpret for participants with paroxysmal AF because of small numbers (n = 9). However, our results indicate that permanent AF has a unique symptom presentation. Individuals with permanent AF were least likely to have all of the symptoms in the heart cluster. In contrast, these individuals were most likely to have all the tired cluster symptoms. These differences in symptom profile are important factors to consider in terms of clinical decision making related to symptom management. Unfortunately, symptom-management options are limited for individuals with permanent AF: Guidelines recommend against rhythm control, and therefore, symptoms are primarily managed through rate control. 8 Alternative therapies, such as yoga and biofeedback, can reduce AF symptoms and may be the most beneficial in individuals with permanent AF, but these methods are understudied in this population. 41, 42 It is possible that the large proportion of participants in the SAFETY cohort with persistent AF (87.5%) influenced the association between the heart cluster and antiarrhythmic medication. However, the proportion of individuals with persistent AF was high both among individuals with all the heart cluster symptoms (90.9%) and all the tired cluster symptoms (85.1%), yet a statistically significance association with antiarrhythmics was found only in the heart cluster. Another possible explanation is that patients and/or providers are more likely to consider palpitations and chest pain as symptoms of AF, or as more severe symptoms of AF, compared with the vague symptoms in the tired cluster, subsequently resulting in selection of a rhythm-control strategy. In fact, previous research indicates that patients often erroneously attribute AF symptoms such as dyspnea and fatigue to aging, deconditioning, or poor sleep and that these erroneous attributions result in treatment-seeking delay before AF diagnosis. 43Y45 Further research is warranted to explore whether symptom attribution influences treatment decisions after diagnosis among individuals with chronic forms of AF.
Limitations
This study has several limitations. First, we used symptom data collected with a survey that was not validated psychometrically, which could influence the cluster solution. Second, high levels of cognitive impairment (approximately two-thirds of participants) have been reported for this cohort, which likely influenced the ability of participants to recall and accurately report symptoms. 46 However, the SAFETY cohort typifies patients with AF (minus individuals with concurrent heart failure), so we consider this an acceptable limitation for this study. Third, our findings are based on self-reported symptoms, which were not correlated objectively with heart rhythm monitoring. Fourth, the symptoms reported in this study may not represent all possible symptoms of AF (eg, emotional and cognitive symptoms), 47, 48 and as a result, important clusters or components of clusters may be missing from this report. While we recognize the limitations of our study, we consider this work an important first step toward understanding symptom clusters and factors associated with cluster membership among adults with chronic AF.
Conclusions
We identified 3 symptom clusters among adults with chronic AF, demonstrating that AF symptoms do not always occur in isolation. Cluster membership is associated with 2 nonmodifiable patient characteristics: age and gender. We also demonstrated that the combination of chest pain and palpitations is more likely to be associated with clinical factors, including AF subtype and the use of antiarrhythmic medications. Additional studies are warranted to replicate these findings and explore the impact of symptom clusters on patient treatment and outcomes.
